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This -report presents a summnary of the results of preliminary-
design s1di of power plan~t configurations for the NZ-1660 helicopter-
rotor sjStgl.

On the basis of performance analysis, design layvouts', weight.
analysp,, stress -analysis, as well a preli minary static test results, a
power plant configuration consisting of'four 12 inch nominal diameter'
ducted pulse-jet engiwe located at the tip of each rotor blade is coa-
sidered to. be capable of, suplying -the power required. This configuration
is indicated to achieve a minimum'soecific fuel consumption of 4.0 and a
significant degree of noise reduction effectiveness.

Results of a preliminaroy analysis of thrust augmetation by mv~ans
ofeither fuel additives or afterburding indicate that. significant improv 'e-

Ments in power plant performac might be. expected with such augmentation.

*It is shown that the close inter-;relation among tip mounted power
plant configuration,, rotor structural and power requirement-characteristics.
and the airfram and -power control systems make it .mandatory that extremely
close coordination and flexible design liaison be maintained during the
design of these components in order to obtain the most-satisfactory,, best-
integrated end product -- the jet propelled rotor system.

Recoinendati one for future power plant development work are
also presented.
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This repor t presents a sumary, of 'the results of p~owwe Plant
prel iminary design studies accomplished ia acordance with Itei 1.1.0,
1.3.0 arA 1.5.0 of kthibit "A" of U. 8. Air VoorcesCoiitrict !o.' A? 33
(600)'15613. This contract covers the development of the ?rojeci.t. 1660
heliconter rotor !Yates incbuirg the rotor,tip-mounted power plants.

InsAd~ition to the results 'of the preliminaryd desin stu~lewp
We. -report also presents recommendations for, future power'pleat. develop-,
iet program required to develop the enginies suitable for this rotor. Isytel.
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Ptolli*4 design consideratiois of the rotor ,bled. for Projeot
NZAE6O xotr system, plmis engine struactural '.imitatios established the
ftolliog rotor tipmmtod, engine design conditionst,,

Rto ladiso - 1.2.5 ft., (to, centerline of power plant)
*Rotor Tip Vel66Ity - 500 ft/se.

*Total liagine Not Threst Required -2700 lb (at sea level)
bngipe lot. Urust Required - 675 lb per- rotor blade.',

*. Otber power plant requirements are, uakimu thrust, porptfrna
area;,. Xiniumweight, minimum specific. fuel conuiMptiOn and minima cold
drg..

The past a&MUiAtiOn .Of rotay wing tip-munted. -Oulse-jot. egines
* . to hsUaqpter roto. -systsm' propulsion has been for maziam tower require-

agate, of approimte* 701lb. per rotor blade at 325 ft/sec.' tip sed
* . sod "s a result it has bieen praticable to utilize single engine confi-

guations. The relatively high power ruie ntof this ftto1' systeig.
would require single 40gi19s Of approintly 25 inch diaeter. which is

*believed to be too large to be practicablea; that is the engine disaister

'fat-plates' which would bevulnerabl tofa lt klingfaurst
the '1gP loadings Imposed by operation at the tip of the rotor blades. In
addition, even though the length/diaster ratio of smob a single engine
might bes slar to tbat of tip.mounted engines presently msd the
abolt legh fsuch- an engine would be prohibitive In" this apolication;
therefore, 9it' i deomed advisable to power each blade of the KZ-166 rotor
system with. mre than one' pulse-jet engine. In view Of the -foregoing con-
siderations, It is stimated that the diaseter of the engines should not
exceed a dimension in. the order of 12 inches.

My virtue Of -the large radius of the rotor blades for this rotor
system, the design tip speed my be increased considerably over that used
in the previous, small capacity, rotor systeme and at the sow. time the
engines wifl be subjected, to relatively low centrifugal loadings as pre-.
viously mentioned, The resulting practicable tip speeds is estimated to
be on the order of 500 ft/goc.

Test data, recent* 'obtained, indicates that the basic pulse-'* jet engines presently retain good performance characteristics at-speeds
up to and including 500 ft/sec.; however, at tip speeds in excess of,
500 ft/sec., the results of the theoretical analysis of References 1 and
2 have indicated that performance over and above that-of the basic pulse-
4et engine may be realised by enclosing the basic pulse-jeit engine(o) in
a duct incorporating an inlet diffuser and exhaust nossle

W r ftle ETf A at
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* tw~- 1utrmely'ipral 4 zrio,A edt design. this,
it"ias with OW iohr e ropeilled, helicopter rotor systeit that the,

*#q!;ir*Ments of the rot~rp power p.Lant - and cbntrol system be carefully.
&ad 'cloely 40ordliated. Inc ea-m-e~ in pow-er. plant, wiaht: c6A affot -th,

a roor sr~@t~. ad pver eq ~ add,. cnversoilyi 'any change in e
,eon' $g-4Uawi, can affeot ?..he~ iize, 8Y4 pOV#r. requir ents of the piower

. ap~mts.Inordr tatthee~t.i~ ~a~tdoptimm rotor -system be, pro-
* . 4ed, he 1tt~m* ofthis lia" so canio eo~~mhesd

.?For the, torgbing i-eac.-ng i t. is be lewed t.hat an arrangement'of
*Attp1*., duotodp pulse-jet. ergr~a pcrtentiaily beat' suited'to power-
the ii. 60 l helicopter rotoz' ery. ;m The,, a~,. and test results in
tho suabsecpt nbsettons 6f th~ 4e f.0.. susatate
qw attively'this'qonclusic,, whircha b* arrve at qualitatively.-

3_1 RM1JLS 9? PR M I ~D~GN SflUflJk;

34'.1 Estimated Pe~rnneTaatrtc

As mentioped.bove,, the analysf of References 1 and 2 have in-
ditAted that the ducted pulse.;%! -ngirie will provi.de performance superior
to that of the basic pulse-Jet er.g-~ne a,. -_zd, -.f 50 ft/ ect ad- above.
It is roweesary, however, to contirert these pe; r O'anC~ cacltost
actual values of engine perfor-manA on the basi of existing rotary wing
tip-4unted pulse-jet engine perfirman:e~,

*The exper~izental wh.'i. .at diita pre-,ynted in Figure 1 show
that an unducted 7.5-inch dian 4 _- '1*. enj :ne will produce a maxi-.
vam'svecific thrust (based urpun f-ng'ino~ ':oss sectiona1 area and'
net thrust) of 35.5 lb/44.1 eq.. !-1- 0_-K. 1h'Y . , at a tip velocity
of 500 ft/sec.,

*The data in Figure 2 indicat~e that fenginee of approximately
*12'inches diameter will produce a z'r~cilic tnr'A:t- whic-h is aprroximately

2ercent'greater than the -smal,. 7 da~.h dimeer) eng3ines.
Application of this sc 'ale-up f ycle-rr a? a.~i tahruat of O.81x.
1.26 *1.02 lb/sq. inch.

It is anticipated that f''r r,,etadapie eeomn
of the basic pulse-jet engine wL.(o r&U&y)improve the thrust

a performance by an amount in the carder of~ app! x.IM "~ely 15 percent; there-
fore, a specific thrust of I.C-4' X. 0 1 8 ay be expected from the
bas.c, unductod pulsejet enSr-r,

The results of the 9ii~2 n~~ of duoted pulse-jeta
engine performance, shown in; F~gazre '*U e 2,. 'indicate that
'such a configuration Will Dr cvid - ai 1,"( ner,-n -' _ Lfovemeflt in performance
c ver and above that of the ba*,ai dur~* (ctinlg of the
basic. engine(s) -would provide -;. 1. -4 18 x 1.15 1.3;6
lb/sql inch.



SFigwre 3ahbws, the vaiiation,1. ~i4O60-ic. thrust with tip speed
*frthe duoted engne. 'This. perforlwance 1.baeoAd uponte nlisQ

lii -deno 0.

Piotio.:L 1 tionsi plus test rtsa.tti. es! ribed in. atub.-
Squits~tgpoftJliseprinctett four basic pvlee -3et engines

per rotr, blade should 'be Asd h huto aho h basic pUUI*S-
je Ongies. iiouldtherefore be-,

2700/4 x'4, 68;7 lbs.

1-ho sis* ofit e basio duected' puL- e'etengin.(.) will1 then be: -

1601/,3 324 'sq inch -12.6 inch diau*str.-

Thejere, ew.'n ase~1y of four .12,6 inch diameter ducted'pulsqe-jet engine
* . per *rvtor blade, win be uirod to power the MI16 oi-;pter rotor,

system,

*The theoretical anal*i64 of, ductod puls e-jet engine perfoziliance
*as presented in References 1 add2 indiiates epecific fuel oansmtion

* values of frou 2 .5 to 3.0-at 550.ft/seq. These values mmebe4ievod to be
more optimistic than should be uised in conjiunton with the, conservatie
thrust perforace arrived at by the foregoing analysis.' Instead, ti
believed more realistic and consisten-. to assume that the specific thrust
pexforaee improvemot as indicated 'above will be achieved without a
change In basic engine fuel flow. Referring back to the basic engine
perforance as shown in Figure 1, the veaic thrust ccurred at a fuel flow
of 240 lb/hr. With the specific thrust performance of the larger, ductod

P engine and, thi.s fuelj floW.9 the estimat'ed speeif ic'fuel- consumption (at
* maxisu=='thrust) is:

* .240/.1. x L.36 4.0 lb/hr/lb. thrust

The part throttle specific fuxel consumption of the ducted pulse-
*jet engine -is expected to."vary in a iuaner simi.lar -to that of an unducted

K. engine. Such specific fuel coneumption variation isshown in Figure 4.
'This variation for one of the'full soale pulso'-5et engines of the ducted
assembly in terms of thrust and .fuel1 flow is shown in Figure 5.

The results of free jet tests of an acz67al ducted pulse-jet
* enoine as presented in Reference 3 indi.cat that hia configuration will

*have a cold drag coefficient 'of 0.36 at 500 ft/ss .. This is somewhat
higher than would be desirable. Very little variation in the drag
coefficient with tip speed is anticipated.

All of the foregoing-pe~rformantie %estimatea are presented for
standard sea-level conditions, Th'e t1hr-LstV performanoe at any other alti-
tuzde can be determined by multiply_-rg 4the ratio of the air..density at
anyf desired altitude to the dens:L.l. at e-iev1 conditions by the sea-
level thrust. The specifi f~.1 coneumpti.on i,. essentially constant for
allL altitudes. these altitude perfocm-.zhne charcteris ias- have been sub-
-atantiated 1,y actual static and whirl tsand the substantiating alti-
tude static test data are preeented in Refereri L.
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31011 it-Iwo or Thrust AgMn~o

The basic Oharaoteristics of the puls e-,..jt powr Plant are such
:tJ&t~ the *iin "#Poif ic fuel tnsmption occure at oe~very ear mozimm
thrust, vAn trdually1 increases with,dvIeceasing-power (See' Figure 4)- If
$ ore &ns wom'proii4e. 0to augment the thrurt of the basic engimte In

* order, to. obtain -tho uiimum power re quired for the hdvaet'iag csilizg coa,
* dition, then the basic pulse-je'6 engine size could be ieddaee4 and tbse

enginss could be operated at higher perntages'o QOpelpower -- hence at
better values-of specific fuxel tnsumpt-on rnpder cruxising condition.

* Thts woild, in turn, increase the irange of the helicopter.

The perfoaz'mtc pote-ti'. bf two .posiblle methods of dtaoted pulse-
Jet angine -thrust, augmttioUP were tht'refrtre investigated bmansi of 'the
analysis developed addiscussed inAppendix A and, R-of Reference 2,

The'first'nethod of thrust ntation considee as te
addition of magniesium to''tbe u*,ual hydrot.-arbon fuel. . This foel oombi-
nation would be similar to that _"epvrted in Roferencoe 5. Such a Pao-
nesium-hydrocarbon fuel conbination will, conkorvatively, yield.&a corn-

* buttn tempratureof 40000 R as compared with 30000 Rt fo rocarbon
fues. only, This increase in pu1l e-jet : omvustion temperatures.would in-
crease the dustdW engine thrust 10 per cent . This performance improvement[ in terms of specific fuel consumption 'variation is indicated in Figure 6.

thi mehodofthrust augmntation 2.s not. speotaeciiar; hcvbver- it is
'beieedpossible that, due to th~e ncadescent pArticles ador the higher

* temiperature, -te rate of burning in2 the baiie puls~e-3et engine might be
increasod. This -in turn would: : esult in a very significant; improvement in,
a ngine performance. For, initane, it !haz emn ostimated (Retrence 6)'

tha ittheburin-time' could be dcreased 'from .0,21. sc (approx., value at

*thie.present, time) to .014 seci. the thrust. Perf ormance- of a given engine
would be increased over 100 toorc ent,

The second method of thrust augmentatior.csde~ asta of
*afterburning in the aft portion of the duct 'of the diuted pulse-jet engine

combination. -This conditiod would achiev maxirm posa1jle overall tean-
perature rise and would effeq-t ar. ,r~rease of aproximately 30 percent in
ducted engin&.peak thrust performance 0

* . . Figure 6 a196 presenit the e f f e, t of i~his method 'of thrust
augmntation on paLrt throttle fuel, .onv-=pti_-n characteri sties for the
condition 'where the afterburner ie -usedi f or from 80 to 100 percent of

* maximum power while the pulso-jets are maint ined 'a%, piak Power. The
afterburne r 'Would then be cut ouz- af be:--ow 80 per-cent maximum power and the,
remainder of the -throttling range would be acc ompliLshed with the basir.
pulse-jitg.



tlfth throe:tl 411PU'dcted -confipgratlons shew bro dft.4
04010"_ O53000 0~O1 *a~ 5306W Volre the m-sain *o$e oQaiW*e4 in thisl
a UlJ*1M27 410i pbse. Zt4141 'be noted, that the basO*PU2.SjOt
su0pn0 sboeIA3 theSe ,4MUtaxgs a' Inehi ae4'ao~r4wt

&airis (Yithoxt, thas aap atioh). This 16%4 to: tboe fact tha th
* 4Pn 6i vaot ere I.nitiated pri6x' to oomp1bti6a of the otor syltes
p", r weqpfred awd subsequent engine se estimates, ,lu Do ther reaivel

61aii ditNips In- sis it' was -not deemed practical at this stag.' to
revise the powr pln lyut di aviz,.

. Te eul~~ou fthe relative merts 'of the, thre configurations
attae.4nto socount-the 1.frw~tion tpresented in susquentL sections ,of

this report; therefore, no attuipt i -mad.et'Ak a capatievlaio
in this setion., Sioh an evaluation is indicAted' in $.ct ion. 4.. ('SIMrnary

* of Piulminawy Dioign Study Ersults".)

3.1.3.1 WSJ~a "Cluster" Confilturation-

The configuration shown in Drawing N6. 530050 an'anges the four
pulse-jet engines in pair. which are loc-ated above and below. the horizontal
tenterline of the duct., Since the engines ar's located radially equidistant
from tite longitudinal axis of the duct, this configuration is hereinafter

* referred to as the Oradial configuration.*

A major structural member is loeated on the horizo~ntal center.
noothe duct. This mober contains the batic rotor tip attach

structure as vela providing a convenient point of attachment for the
* pulse-jet engines.

*The cylindrical duct cross section. used ith this radial- con-
figuration offers greater rigidity with fewer reinforcing members than
the other configurations considered. This in turn results in a lower
weight.

*Since this radial configuration is synutrical about the
horisontal centerline, It is conceivable that initial development of this
full scale configuration could be accomplished using one-half of a com-
plete assembly.

3.1.3.2 'In-line Bankc Configuration

The second configuration considered 13 shown in D)rawing No.
530051 and it arranges the four pilse-jet engines side-by-side as close
together as possible on tbo horizontal cen-ekerline of the ducted assembly.
This oonfiguration has been term d "in-line," A perspective sketch is
shown in- Figure 6A.
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t~w ealOstrcture of th0is.nline configuraio nss f

a.bc[ boa* 4tai 04O2' eeptusc 't~ therot6r- tip to tbt fore anaf i.
f~p~t stVtu 4

T1 foxrdA engi structural member tieechpi-t ni.
taotllew at the firwmd NA of the combustion chsgber. This msbor. A~lo
proie t suepport for the forward. e46 0o th ue ct.a:4 it's, i#eV

bs aft structural membir supports *1W pUsejot .ngin tal:-
pi1pesI -za man3r, sueh Zb theUiy are fste to expend longituIfl&ua7* Th1

* at aember also, ti.. *1w upper and lowifr Sections of., the duc Vtogethr

Sin. the duct- p~rtioh of the O.4n onf 1,66io has s,
'Imsderible aimt of tlat p3Ate area' longitudinal members, are -addeC

betwen- the -upper and lover surfaces to provide .A rigid assembly-,.
~4.3~ Shesr. 2042"01e jault ConrA ta

The third po*r plaat coofiguration tonsidere. consisted, of'
arringing the four pulse-jet# wit~h their axes parallel. to the, spanwise
*3is of the rotor blade and subumerging then in an airfoil section.* The
engine's tailpipes are ducted no mm ono exhaust, and this exhaust is
diverted 900 aft from the rotor axis.* This exh~u3t duet 'is then en-,
closed by a duct incorporating an 1±nlet diffuser and exhaust nossle.
This configuration was considert4 for the pctential~y low drag resulting

- ~ from submrging the engines and due to the fact that the adverse effects
of centrifugal loads on the engine tubes. would, be tuinimised.

Since the, results of the 9Pexhaust static te- sts,.described:
in Setijon L.3/. L1., were not' eneoui-raging arid since it -was believed tha~t a
relatively Zarge ioumt of additional time and efort wou~ld need, to. be e
expended'in order to develop .this configuration dub to its departure
from existing configurations, the preliminary deiign 'layout, shown idi
Drawing *)- 530060,9 was only partially. completed. However, the basic
advantages of this contfiguration "aescribed above,' indicate. that it.
should receive further consideration in, a longer range -program as -a possi-
ble 'arrangement for rotors -having, extreinely high tip speeds.-

3.14. Estlated W-sight Charsctejat.cs'

Presented below are the estimted. wtights of the-radial
(Drawing NO."530050) and the in-line (Dra&wing Nob. 530051) multiple ducted
engine conf igurations..
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410*

frenit# 19.00,

15.001

wed atos, Wiketes, etc. 3.00

Total" Ind1iva *in wight *52*0O lbs.

Total Pulajot Kngiv* Weight u52,00 x, 4 208;00 lbs.

~Uwt Cc"oe.

Inlet cowliug 8.0
Center Section Ouiter Skin 24.0
Fied. Section Inner Skin 14.0
Aft. Section Irner.Skin 10.0
skhaust cowling 22.0
Frame 13.0

ripe 2.5
Angles. and CUiPs .
Center Divi4ing Skins 12.0

Total'Duct Weight 109;00 lbs.

Support Structure

Main Tenision Members 1.30
Compression Member . 10.0
Engine-Tie Members 6.0
.Tension Tie .3.0.

Total Sup port'Structure Weight . 33.00 lbs.

'Total Power Plant Weight .350.00 lbs.
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PUlUsJet Engine Components.

-Val"~ Da , Valves 60
Cowrling 1.25
'ftel and Air Rting hssembly 'i.50
Vaitar i-90

1nd. Plate3.60
* Tranasiti~on. 19.00

u-Tilpipe 35,00'
* -Tailpipe Support 1.75

* W04, Dolts, Gasketss t-V 0t 3-.0

Total Jndividual ENginie*Wih 52.00 lbs.

T'otal Pulse-Jet &,*ine Weight, 52.00 x 4 .208.00 lbs.

Dluet Cmoet

* inlet cowling 8.0
Center Section Outer Sin 23.5
-Center Section~ Inner Skin 18.5

F kbaust Cowling 60.5
Internal-Stiffeners 6.o

4 , - ,: 15.0
Fairing 50

+Total. Duct Weight 121.00O lbs.

-3 S pot Structure

2.Duct to Blade Attach Stracture . 39.0
Forward 81agine ad Duct Tensio>n .13.0o
Member
Att Engine & Duct '1'nsion.Member 12.0.

Total Support Structure Weight 0 .6.00 lbs.

Total Power Plant Weight *392.00 lbs.

_J :LReference 8s ensa aneay,s of the ducted pulse..jet engine
support yke which would be-used on s*i.wer of thef conf~igurations discussed

-- . bove. The 'engine is attached torthis yo-ke by means of shear pins. The
engine structure consists of ab 'Jilt- -he meal framework which

*supports the engine shells in -uh a mnanner- as to permit them freedom'
for longitudinal. thermal expan~sio4 and yit sa~pport them against the loads
developed as a result of centrif-ugal force, The perepective cut!-away of,
the structural support of the in-line, duct of =u-.ltiple engines is shown
in Figure 6 a. The radial cluster~ 1,onfAgura11::n, as desqribed above, has

,,a structural advantage over the -i.-line arrangement in,.that the engines,
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.. oe ,and below the rotor chord plane permits structural shear member
* to pace betgen the upper 4d lower pair of engines and support ache
, M- 1 Midcua.lJ* io aech more effivent manner.

A mere detailed stru.ctural? azialynis wi be mtdr on etch conr-
figuration duaring the, detail. de6ign phase... Ii the preliminary design
phase, hoever, onl y ufficient structural ohecks have been made to de.
toroine .the feaibility of the configuration and approximate weights ot

',the 'aJor components.

R.1.6 esults of Preiimxiary Static Tests.

In view 'of the fact thal. an arrangement of several engines per
* , . 'rotor blade vas deqmed to be most advisable for use in powering the

Nx ". 660 rotor system, static tes a of =,ltiple pulse-.Jet, engine confi-
* • i oratdons were conducted in order to gain some 'insight into their per-

" forsanob eharacteristics. These tests were conducted th numbers of
engines var Ing from one through five. An existing 6.75-inch diameter
engine design was used in these Qests,

The engine control panel used for the--tests is shown in
Figur.?7.

. The first phase of this test program was devoted to an in-
dividual static performance calibraticn of each of the five 6.75-inch

* diameter pulse-jet engines. A typical engine .alibration curve is
* presented in Figure 8. The thrust data are presented in the form of
thrust per unit .frontal area of the engine(s) zn order that the per-
formance of the multi-engine configuratione may be more directly

- comparable.i
S°

o•Results-of initial tests .of a dual eng.ine + configuration wherein

the -engines were located as closely together as possible indicated thatthe engines synchronized, that" is, the engines operated at+the same

frequency but their explQsions were pa- r_,A 18,5 apart, and an appreciable
reduction in fundamental frequency noisee level was obtained. -Quantitative
data.concern ing this noise reduction are Dresenzed in Reference 7. It
was- decided" to determine at what maximum distance the engines could be
.,located with respect to each other and stuill retain synchronized operation.
Theresults of these tests showed tha4 twc 6,75 ,iich diameter engines
maintained positive synchronization at ,:nacings up to 9.0-inches between
the centerlines of the enginee, At spacings greater than this the engines
sometimes fired simultaneously and at other times'they syncronized. There
was no significant gain or loss in spe:A,¢iic thrast with or without syn-
Chronized operation; however, as Dreviously mentioned, the sound level of
the engines was noticeably decreased w-ih eynchronized operation.

1T
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,in. view or the foregoingz, t P..'ilts t ,e bal an", of the ln,-Uno
eragiras contipw'atons, up to tqt!. totaO, rnnier 011 5 as Ohovn in~ PtiWe
5, 9,n10; . ~ e tete ih. nfn.- 7 ~b -between the' eontir -
line's -or the A.75-inch- ma~itum -diamet.:r oniroAs (combustion chamber walls

* ch aa),TW results o f thtso, test's are, shcwn. in YJ .urQ 11 throt gb
bi, 33ad~ litative coati& ",n- trning thie various a oiiprrations are

2 Ink-lie Aftine3 linga-no itarted easily and 'synchronizd
when fl Uc ri was etabilid; so~ind-lovel

SIrn-lin6 Engines. 4.,g il -atarkx1d eaeily;, non-synchronized-
* o ~in~, .. t board, engine appeared -to:r4Pn

%-i, Ugh -and so='id level,.higher thaui with 2,
e fngines ..yflchrofli2ed.

4 In-line Fogines Engines a'pneared to s~nckhronize and
'.prat1in wiac smosth; -sound has a high'
nitch tcne, engirnes started easily.

5 In-line Engines iZngine T'tarted easily;, engine-operation
-~ . s ~. rc ot h with noc pulaing noticed; appeared

1 o have I--se p-itch than the 4 engine.

-The test-data indidate La',better~ parz throttle specific fuel.
consumAption is obtained by thrcttling allen. ~ie e simultanedusly than
by. step throttling of individual enginses, howtVer-, in no case was, the
specific fuel consumption of multiple, engines better than that of the
*baiop single. engine.

Figure 14 presents the peLak -Fecif~ic th-irist. variation as the
number of engines was increased, . garr .5hov~s only a slight change.
in peak s ecific thrust with the I~han~ge .ntenr- fegns

In view, of the potential wiglt.ad an~ages of. the radial engine
configuration described in Sectic:,n 3 14 it was aeemed advisable to

* check the static performance of a.d' n jfig~ratl. Four engines were
*mounted with 7.25 inches between thsi 'htyizontal -.6nterllnes and 1.75

inches between their veu~ical T'ei'~s he data'cbtained fr'om static
tests of this configuration are pre env: e a-r E._gure 15' This arrangement
appeamed to* be slightly better than i n-!:tn ne-ar from .the stand-'
point of smoothness of operation, genes,&Ily lower'.'cund level, and a slight
indication of better overall thr:-'iing aatr~i

1 0. E N 7 -A AL
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00 4it bf, the 9Q %P'xhaubt c'onfipr~t ion prey ious ly mentioned in
ftatirt, 3.1, 3. As with the previocus, multi~p,1 engno t~t ai .75-
Jioh inximm &iautsr enie having, a nz.inal sttt * thrust ratiag of
34)'. Ourwds were 'iaed in these tes ts

in. T static thrust vs,, fbe). V,~ characteristics of the ftrious
Abrtle contiguriations are -givent in Ftgare-s 16 through 2 which arZO y5

to the cdonfiguration. number asstgned in~ the foll3owing brief disouusion of,
01 a1h configraion:

* Conifiguration I coati iated of. a -ing).e puise-jet eng'ine having
Short 'radius' 90P bend clo to thR end', h i~iea shown in~ figure.

6.This engine-would not rea,:ia-,e, Failurc- to do so wai probable dUe& to'
'the, acoustic* irregularities of Crje, ~1. radius bend irn the tailpipe.
-This sharp bend. could be, expected t.6 cause seconaary reflected waves which
a"e, not in pabse with the primary retle-^ted wave and bence,, a resonant.
system Winl not be established .

' *Configuration 11 consisted of a sirigle 6. 75-inch diam~eter engine-
with a large radius 900 bend, 4r .1v 'tnterline of which was located at the
mid-point of the tailpipe. TMie coxifigurat1ion is shown in Figure 27?.

*This -engine was operable, but 'as show~ri in, Figure 16,-the thrust was low
and the specific fuel consUMPt~on rc-gh. Lhe noise lev el did not sound
particularly high. The reduced performance of -this conffiguration as co-
pared with the conventional, 6.75.-inch diameter engines could possibly be
explained by reasoning similar to that presenited for Configuration I.

The fact that rlesonano e was establi-ahed with thiis configuration,
*whereas it was not with the treviou'e on .e, ie probably due to the larger

bend radius and also the longer straight seecticn after the bend.. Both of
* these fadtors would tend to reduce ' he inte.-f.rence effects of secondary

reflections.

The family of enginee herinafter, reftorred to as Configuration
*III is characterized by two identi~al uaralle. 6,75-inch diameter engines

having their tailpipes directeq into, a cormon exnau,-z+ duct.

Configuration 111-A c.o:nsted of dicil engines having the tail-
*pipes directed into a short exhauz% a s tncwr. in Figure 28 This

configuration wold resonate umvr. eitnr r -Af ,.he erigines were operated
sarately.- however,, it was Jms'ii ;o r.,u. bcth engines simultaneously.

The single engine thrust perform&.-. , a~c z how~-. ;n Figure 17, was far below
*that of the basic conventional6 b74-in,. *..;_Meter engine and -reonance

was erratic with single eneine oiptl._.11*

*Configuration I11-B wi.- -q,xy uI: o Conifiguration M1-A,
with the exeeption that the euchai-t, vn.wis Ex_,*nd3.d several diameters
as shown in Figure 29. This ccnfig-.,:atic.c re~onated with one engine
operating as well as with bot* .u-e:w. :jatafiecs.y, The
5titic nerformance of this -In4 ~~~t.. f Figure.s 18, 19 and

* 0 O ualitatively, when one w'~t?,~ .: .y 2. e the resonart
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inh. dia or~ engine; however, with both. gs prtig:x1iwlutan usl
the. operating f roqenoy was .owebrid niotiA qablj. With si ultahoous engine

* oporatii the -ftgines aoparonitly -fired sizmltaneously with an -orating
hotoiqunoy wAich it is lbelieveod woi~d correspohd to an engine having -an

S Over-all )sngtoh of the, engine plus the exhaust tailpipe,

d ontM&Mtign Ifl-O consi.sted of the. 1og -exhsust duct with a
-A 90bend added atths aftend aA shon igure3. 6s ?igures 21 and 2

*present tbe 'static thrust. perf ormanee of this 'configuration -with the engines
* opezatid' aearately aii *with both engi-jis operating tiiiXnos As is

* showplz~ thefigures vory low values ..,*.thrust were mesur44. 'In fact,
tf4 uied4wed muximuma thrust with one. engine operating alone was approxi-7

*Mate17, eqPal to -that with both engines coerating,

*Cnfikhration III-D consisted of~ the- eionpoents U$sA -ih Con-.
*figuration I11-C. except that an exit nozzle having a minimum area of

*0.444 tiis the exhaust-duct arf*& was added at the downstream. end of the
assubly.i It w as not possible to establish '-esonanee with either single
or the dual engines-.

Configuration III-E ccnsisted.of a short exhaust duct with ;a
900 bend as shown in Figure 31. It was only posaslble to operate one engine
at a time-with this configuration aild tho res~Ulting peromacwtheh
of thie two-engines is shown in Figure 23..

*Configuration III-F, was, the same' and IIL-5E, excet that the
exhaust nozzle -f rota Configuration III-:D -was added as. shown, in Figure 32,
It was not possible to ob'ain 'rescnarkt operation, with this conifiguration.

*, Cogfi&V_&tion. III-G 'oxhsisted of the short exhautt duct with the
exit nozzle previously used.- Again it was impossible .to obtain resonant
operation with this configuration which is shown in Figure 33.

.Configuration. III-H Is shown i.n Figur5 '!;L and it consisted -of
the long exhaust duct withthe abcte m~entioned exit nozzle. It was not
possible to obtain resonant operat3.on wi-h this configuration.

Configuratioli III-I was 3-dentiroal to Configuration, III-D, except
that the exit nozzle area was increased to .70 times the-area of the
exhaust duct., It was not possible to obtain resonant operation with this
configuration.

Configuration III-J was'the r-ams as Configuration III-I, except
that the exhaust nozzle was .divergentvrw-thn an exit- area of 1.78 times the
exhaust duct area. With this-config,%ration, it'was possible to operate
each pulse-jet singularly and brth puls6 . jeta simultaneously0 The test data
obtained on this configuration are shown in Figuree 24 and 25.

L-*



The frOquncy of operation with both pulse-4et eninos resonating
IwA a.moh oe thin with either oper ting aoe 'The -two ,engines aPPAentli

All'of the fowegOO4 configimat ions havin$ rcontorgent oxhaust,
nozlsfiled to reoopata, This is probably clue to the nozzle restriatfan

Avqrs.iI* aftectiUW the reflected waueri aotion such that operation, Vas not
posible. It wiili lo be- noted, from 'the test data thatt-in all, tOe 900

anic n exhaust owfigurationes, thrutis performazice was not as, high as
that obtained. idth the basi~lc, nventin~ial pulse-jet bingine.
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4. SimER IF UM~ or PDRNARY DE3IggN STU DIM

.The engine perforeafte ahalysi2 presnned hsrix4 indicatos that-'
Altiplo 4oed' ipulae*-Jot engines ".nitn e~ - 12464*6c dt~e

* utIneC Po rotor blade o l provid- the power required. for. the 14-1660
halloptsir iotor'system. .The apet~ fuel conswept~in at MAXIM"m powo~r
U 1 5.niad to be'approtJ elye1 4,0 1b'./hr/lb'of thrust..

Thrust augmentati.on mnay Orovide a. mean's of inprloving the
- cruisIng range of a-helicopter powerod by ftaltiple ducted pulse-jet power

*plants Wa *at, the saow time redute the size and weight -of the *noine

The radial saltiple duw't;-d p-Ase-jet engine configuration has.
$Of . ben iiiated to be lighter than -t inhe Ceonfigur*a-ion.,

The poosibility of ad t~ ae:'AYnamiceftsrutigro
yawd thow conditions, existing in 1 orward -f 1-ght. on the radial engine may'
favor the in'-line configuration, It i-.s behieted ' that the more-nearly'
ftwo-4imoinsionelO characterict.. of t he 1.n-line scnfigur~tion will make
it less ienitive to yawed flow in forwardi fight than the radi~al confi-
guration. It is recommended thatl, the ,-.onfigurations of both types of

0104ngF. Pes be continued duiring the d1etail design jha'ee

*Preliminary static test data indicate that the performance of the
Vr ial c~ntiguration is dli htly better than that of the in-line confi-
gurationa. In either~cas*, ' better nolee control is achieved *. using
even numbers of engines. .Better part~ throt'tle fiuel. consumption results
when all of the engines of an a3eembly are throttled simultaneously as
compared with thie case where -one, or more, -engines are mnaintained at
peak thrust Iand tereimaining uni) are operated at pArt throttle.

The results of static tests of several 900 exhaust singleanard
* dual engine configurations were r..o~ mrcouraging.
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tisestimted, roughly, that' the development. effort required,
A* ' edovolopaatOf high powe 'imultiple ducod. pulao.jet power PlAnt.
1MV0a0es In -Apprqadmate proportion to the power Incrss.obtalned over

* rfo4j devilopeabt engines. The amount of funds preseitly allocated tar*
-power plant evlopment, under the present contract is believed therefore.,

torepreisent a i nsufficient, amount to completely develop and fabricate
the final power units for. the test. rotor.

Inte At the present tUme. it is believed-t1hat tegaetucrint
intepertormopbs ostiimation of maltiple 4uoted pulse-jet engines is in

ovalvating the actual improvement in performance which can be btained,
through the useof the asrodynazuic ducting. 1t'1. believed that the great-
eat return by way of tochnologicil improvoment for a given amount of

* funds available for power p.aant development. under the present program can
be obtained by investigating the effet of ducting on operative models
existing-pulse-jot engines, in determining the effects of the ductifg,
structural couniuration aid acoustical coupling on the engine performance
before constructing the 'funl-scale power unIts.

It is recomeded,; therefore, that the funds presently available'
for the development of power plants -under. the prsent contract be Ldirected1
towards. obtaining early substantiation of the t 'heoretical pulse-jet engine

* performance iuprovemsnt obtainable by ducting. In view 'of the limited-
* funs available and present whirl'test facility limitatios tj

.suggested that these developmeint tests be conducted on 'scale operative
*models, of -approximtely one-half. full sile,

It 'should be suphasized 'that the above r'ecoinended program
implies, that fofloving comletion of development. tests on the scale model
ducted pulse-jet assembly, there would be no funds available under the
present contract allocations foi the development either of a full-scale
individual pulse-jet engine or fabrication of the final full-scale ducted

*multiple pulse-jet engine power unit for the test rotor.

5-2 'SUPPTIMENAR! DEVIOMW N POM&

In view-of the limited f-z=ds available for power plant develop-
ment under the present contract, the-aupplementary development work
indicated,*very briefly, in the following sections is deemed necessary to
insure that suitable power plants will be developed-for the mi-166o heon-
copter rotor system. It should be noted that this'supplementary develop-
ment work excludies that which is covered by "component" development work

* similar to that bein accomplished under Contract No. AF 33(600)-5860,
-which it is assumed will be continued in order to contribute to the type
of power plant required for this rotor system.
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tai Eaic,&4igne Developnen

The b~ic 12-inch nominal diamer ezikine ,develoiment shul
b uws' e IA onjuntion witb it' ap.plicatiobn to-a. fun, icae ulu'tplo

SAct d s engnea vemb1. suitable for propulsion, of this particular rotor

j.~ Ineat~aion of DutodEan Performance Parumtors

it is inticip&Aed that most of the basic' 4iuted 'engiae pOrAMeters
affecting performanhce caan be investigate'd mostf e'tonomically with operativi

* models under a compnent development program- however, it.,is. further
anticipated that checks of theee rameftera ae well1 as detailed develop-
sent will be necessary mith 'the .f 411 .ae engin*,5. Sucil hoks and

*development work are theirefore reconimerded as A part of .the supplementary
development work.

5A2.3 -Structural Development

*As with the ducted engine performane parameters, a limited
aMount of atutrldata may be obtained from the comp~onent development

* 2work -aih du~cted models, however.. a ,onslderab],e amount of applied
structural development of the specifIc configuration to be used on the
MIC-1660 rotor system is anticipated sh~I-d be provided for in the supple-
raentary development work.

5.24--Investixation of Th.-tist Augment a ion Methods

* It is strongly recomwnded that~ thrust augmentation methods
similar- to, .bit~ not limited to, those 'indicated z. .Section 131.2 of this
report be the subject of further, 3nalyt-_9 and development test ihvesti-

* gat ions..

5.2.5 Investigation. of MetEhods of ReduciAng Cold Drag

Reference 9 show the- importanze of th, cold drag parasite area
(which is the product of cold drag coeffiu .s. and power plant frontal
area) on the autorotational chaoacteriet3.c- -f the sub~ect rotor system.
It is shown that the cold drag ooefficlezr- ssimavsd in Paragraph 3iIl.1

* together with required frontal area of The p- ;s 'e-3et ~power unit produces
extremely high rates of descent. It i* recommended that an early experi-
mental verification of the colA drag .ofi.etbe obtained and if the
estimate is or the right order cf ma&gn,.twtA, mr.ans of sufficiently re-

* ducing the deag coefricient be. ;xest. - a~ea, 1+ ae shown in Reference 9
'I that a target drag coefficient of mtore n'3a ,y .10 s hould be realized in

order to botain satisfactory autorotau-onai performance, Possible ways
* of reducing the cold drag ocff:oie±. f 2 .cX w !i rig of the inlet to

shut-off the internal flow and/cr fairing of th ex in order to -reduce
the high drag associated with t.-i bllr~i aer,-yin, base, Preliminary
efforts should be ---otd towards ez -.rg he gispab.eusing
these fairings and if these are r !-jen f + tne, f'z1er tnvestigatior.
should be made to determine the mhra cpetyof a device to
accomplish this fe..ring auon9: ; ~~~rra~ h1ut1.-off,,
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* ~2 m U Ap i ons of, AcousMical iXol -am IlcrelAaou

It s beliyod that 'the intelligent'applitati.on of tu nov -.400".4
*ti-OI 30401 - M 6Olotoa41 waplQio tsehrLiQws. AlroAdy bolAg deyeloped

1204.? Cotiadt A? 33(60Q).5$60 would4 enable Lthe eonoaica, 'and; rapid in-
* vqatigatl OW~ problems assooUted'with multiple ducted pizise-jet

*ntimes. 'Ior exp3M, -the problems-.ssociatted .ith noise control,
acousticali coiiplingq effet of duactig acoustics on engine, perforwae,
mnd mzi. otber- Itw oed be eValiiUat*4 Lq" itati'Vily if not qUanti-ta-

*tively tbrloqgh the vise of these techniques as applied- to pulse-jet engines,

F 0



Referen" 31: Projt Squid Reort,' CAL-36o "mAn evaluatiai of Pottatial
Merits of Ducted .Pulse-jets", dated October .1949

Rtierno 2t Rsrquiz'dt Aircraft Co. Report go. PP A, Thsoretiao*1 Stuios
Aseiated with Pulse-Jet Ar4iAO D*"elopmtV, dte 26.

September 1947.

Weerence 3: Nauardt Aircraft Co. Report No. PP-il,' "Suiinarr Report
Dvop"snt Tests of Pulse-Jet Engines,' dated 26 November
1947.

Refereage 4t American Hlicopter Co., Inc., Report'No. 163-B-2, dated
* 20 December 1950, entitled *Altitude Pertoremnee azbi

* Operational. Tests cf Pulse-Jet. Engines.".

Reference, 5: RICA Report No. m4-E-51C23, "Preliminary Evaiuation of the
* Air -and Puel Specific Imptilse Characterisics of Several

Potential Ranjot fuels", dated 2 fty 1951.

Retor.ce 6: Jet Propelled Iliusiles Panel Report No. 303', "The Inter-
mittent Jet Engine.w

Reference 7: Americau Relicopter Co.-, Inc.,, Report No. 163-K-3, dated
10 September 1952, "Resul1ts of Tests of Pulse-Jet Engine

* Noise Control Configuritions'.

Referenoe Or American Helicopter Co., Inc., Report No. 175-H-?, dated
1 November 1952, entitled "Prelimiary Structural Analysis
of NI-1660 Helicopter Rotor System."*

Reference. 9: Amer'ican Helicopter Co., Inc., Report No.. 175-8-~6j dated
1I November 1952, entitled'"Preliminary Aerodynamic 'and
Performanbe Analyses of MX-1660 Helicopter Rotor System."
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